Background: Surgical clipping of complicated large paraclinoid aneurysms are still challenging because strong adhesion of aneurysm itself may hinder the dissection of the perforators and the surrounding anatomical structures from the aneurysm dome. Methods: We describe 13 consecutive patients and the clipping of complicated, large-sized paraclinoid aneurysms using a modified extradural temporopolar approach combined with retrograde suction decompression and discuss its advantages and pitfalls. Results: Modified extradural temporopolar approach with suction decompression (SD) assistance was performed in all patients. There was no complication related to the surgical procedure. Postoperative outcome was good recovery in 7 patients, moderate disability in 4, and severe disability in 2 caused by severe subarachnoid hemorrhage. Favorable outcomes were achieved in 10 patients (84.6%). Conclusion: We recommend its less invasive, safe, and useful combined technique in the treatment of symptomatic paraclinoid aneurysms, which carry the risk of neurovascular injury caused by dissection from the aneurysm dome.
BACKGROUND
There are considerable difficulties in the complete clipping of large paraclinoid aneurysms for achieving proximal control of the parent artery and obtaining adequate visualization of the aneurysm neck due to their large sizes and broad necks and because of the complicated anatomical location close to the optic and surrounding bony structures. [4, 8, 9, 10] Microsurgical treatment of these aneurysms may often require the use of the retrograde suction decompression (RSD) technique to facilitate safe and complete clipping. [7, 8] The extradural temporopolar approach (ETA) gives us enough surgical working space with securing the clinoid segment of the internal carotid artery (ICA). [5, 6] We have recently modified this approach to a less invasive technique for reducing the risk of intraoperative neurovascular injury. [15] In this article, we present the surgical advantages and pitfalls in direct clipping of these complicated paraclinoid aneurysms using the modified ETA with RSD through direct puncture of the common carotid artery (CCA).
PATIENTS AND METHODS
This retrospective study included 13 consecutive patients with complicated large-sized paraclinoid aneurysms treated by direct clipping via a modified ETA with RSD assistance between March 2004 and March 2016.
Surgical procedures
Just before positioning in the surgical posture, lumbar spinal drainage was instituted to ensure adequate brain relaxation, to obtain full exposure of the epidural space in the extradural surgical procedure, and to avoid postoperative cerebrospinal fluid leakage. Intraoperative monitoring of the motor evoked potential was routinely monitored for a safe neck clipping. Indocyanine green videoangiography and/or microvascular Doppler ultrasonography were regularly used to assess blood flow of the parent and branch vessels.
The surgical procedure is shown in Figure 1 . After induction of general anesthesia, the patient is placed in the supine position, and the head is rotated 30 degrees away from the operative side. The neck is slightly extended to facilitate exposure of the cervical carotid artery. A semicoronal skin incision is performed followed by interfascial dissection. The temporal muscle is reflected inferiorly and posteriorly. A standard frontotemporal craniotomy is performed up to the supraorbital notch, and the temporal squama is rongeured out until the floor of the middle cranial fossa is exposed. If the orbitozygomatic approach is needed, the orbitozygomatic bar is removed in a two-piece manner. The frontal dura and the temporal dura are subperiosteally dissected. The lesser wing of the sphenoid is flattened until the meningo-orbital band is exposed and incised to a length of approximately 4 mm. The superior orbital fissure is skeletonized to expose the junction between the dura propria and the periosteal dura. [15] Peeling of the dura propria from the lateral wall of the cavernous sinus continues until the ACP is epidurally exposed. Drilling of the ACP with a high-speed drill using cold saline irrigation starts from the lateral part of the ACP, and the optic canal is then opened partially in the medial part of the ACP. The optic canal is then widely opened using a micropunch to avoid heat injury. After removal of the ACP, the clinoid segment (C3) of the ICA can be seen. The remainder of the optic strut can be removed with either a small diamond drill or micropunch to provide space for the clip blade in cases of paraclinoid aneurysm. The dura mater is opened along the sylvian fissure, and continued inferomedially to the level of the optic nerve. Additional wide opening of the sylvian fissure is helpful for minimal retraction of the frontal lobe to expose the ICA and the optic nerve. The posterior communicating artery (PcomA), anterior choroidal artery (AchoA), and their branches are identified. An incision from the falciform ligament to the optic sheath helps to mobilize the optic nerve. The tentorial edge is incised from the anterior petroclinoid ligament and the temporal lobe can be retracted posteriorly over the dura mater. An additional incision is made across the distal dural ring to expose and identify the origin of the ophthalmic artery and to mobilize the ICA. Such incisions of the falciform ligament and distal dural ring will facilitate movement of the optic nerve and ICA. Cerebrospinal fluid leakage is a potential risk if the ethmoid air cells are opened during drilling of the ACP. Therefore, the opened ethmoid air cells should be carefully packed with autologous muscle with fibrin glue sealant.
Simultaneously, the cervical CCA, ICA, and external carotid artery (ECA) are routinely exposed for proximal control, suction decompression, intraoperative angiography, and high-flow bypass, if necessary. The CCA is punctured using a 20-gauge plastic needle just before suction decompression. After 3000 ~ 5000 U heparinization, the CCA and ECA are clamped. Subsequently, the aneurysm is temporary trapped by putting a temporal clip on the intracranial ICA distal to the aneurysm neck with special attention to spare the AchoA. Blood is aspirated through the catheter introduced into the cervical ICA, resulting in collapse of the aneurysm, and therefore, enabling the surgeon to complete dissection and neck clipping. The occlusion time can be limited to within 5 min even if there are no obvious changes occur in electrophysiological monitoring. The RSD were repeated after declamping the arteries for duration longer than each occlusion time. These procedures can be repeated until confirming the complete clipping. Intraoperative DSA through the catheter placed in the cervical ICA confirmed the complete clipping without stenosis of the parent artery. Complete hemostasis at the puncture site is achieved by suturing.
RESULTS
All patient characteristics are summarized in Table 1 . The presenting symptoms were SAH in 3 patients, symptomatic in 5, and asymptomatic visual disturbance in 5. Extradural anterior clinoidectomy via modified ETA was performed in all patients. There was no complication related to the direct puncture of the CCA for suction decompression. Postoperative outcome was good recovery in 7 patients, moderate disability in 4, and severe disability in 2 caused by severe SAH. Favorable outcomes were achieved in 10 patients (84.6%). Postoperative outcome in the 5 symptomatic patients was good recovery in 1 patient, moderate disability in 4. However, muscle strength was restored, and the patients became independent in activities of daily living by the 3-month follow-up examination. All aneurysms were successfully clipped, and postoperative 3DCTA revealed no major branch occlusion or residual aneurysm.
DISCUSSION
Removal of the ACP is one of the essential skull base techniques to treat large paraclinoid lesions, [4, 14] which has evolved from two main techniques as intradural and/or extradural approach. It seems that the intradural approach can expose only the distal dural ring; on the other hand, extradural approach can expose until the proximal dural ring with complete exposure of the carotid cave, which will be necessary to dissect in clipping for large paraclinoid aneurysms. Tripathi et al. [18] provided details of exposure with both techniques with quantitative comparative evaluation, and suggested that extradural clinoidectomy is the preferred technique because of better anatomic orientation. Extradural anterior clinoidectomy requires peeling of the lateral wall of the cavernous sinus to entirely expose the ACP for drilling. [5, 6] This extradural procedure has been refined by minimizing the area of peeling in the lateral wall of the superior orbital fissure (SOF) including the anterior part of the CS. [2, 12, 13] We have recently modified the ETA to a less invasive technique to provide an extensive exposure of the ACP with simple and safe handling, [15] which requires skeletonization of the SOF to expose interleticular layer and needs only minimal dural incision between the SOF and foramen rotundum (FR) where no cranial nerves are present. The RSD through an angiocatheter inserted into the cervical ICA was reported in 1990 and 1991. [1, 17] This technique provides adequate relaxation of the aneurysm dome enabling the surgeon to fully dissect between the ICA, its branches and the aneurysm dome to obtain adequate visualization of the aneurysm neck for reconstruction of the parent artery. [7, 8] In addition, the CCA can be used for proximal control of the ICA and intraoperative angiography, as well as preparation for high-flow bypass, because of severe calcification and sclerotic change of the aneurysmal neck. Therefore, the direct puncture route is helpful for intra-arterial injection of the contrast medium.
On the other hand, endovascular techniques have gained widespread application in the treatment for paraclinoid aneurysms. However, high aneurysmal recurrent risk has been the main limitation of endovascular treatment of intracranial aneurysms. [3] Recently, flow diversion has been proposed as a new strategy with a higher rate of complete obliteration in the treatment of complex intracranial aneurysms. [11] However, approximately one-third of the ophthalmic artery will undergo proximal thrombosis when covered with flow diversion devices for the treatment of proximal ICA aneurysms. [16] Therefore, flow diverters have not, to date, been tested in direct comparison with other available treatments. Further long-term follow-up will be necessary to clarify the definitive validation of the flow diversion as a superior treatment strategy for large paraclinoid aneurysms.
CONCLUSION
Our experience of direct clipping of complicated paraclinoid aneurysms using RSD through direct puncture of the CCA combined with modified ETA is a less invasive technique. The RSD technique, which can be easily and rapidly prepared, provides several benefits such as proximal flow control of the ICA, opportunity to safely repeat deflation of the aneurysm, and unlimited possibilities to perform intraoperative DSA and/or extracranialintracranial bypass without limitations of the operative field. We recommend this less invasive, safe, and useful combined technique in the treatment of symptomatic paraclinoid aneurysms which carry the risk of neurovascular injury caused by dissection from the aneurysm dome.
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